Objective: To examine potential sex differences in nonmotor symptoms (NMS) among drug-naive patients with Parkinson disease (PD), and to identify NMS that can best differentiate patients with early PD from controls. Methods: Our cross-sectional analysis included 414 newly diagnosed, untreated patients with PD (269 men and 145 women) and 188 healthy controls (121 men and 67 women) in the Parkinson's Progression Markers Initiative Study. NMS were measured using well-validated instruments covering sleep, olfactory, neurobehavioral, autonomic, and neuropsychological domains.
symptoms. Therefore, little is known about the burden of the wide spectrum of NMS in patients with de novo, untreated PD.
We therefore investigated 5 major areas of NMS among 414 drug-naive patients with de novo PD and 188 healthy controls from the Parkinson's Progression Markers Initiative (PPMI) Study. We specifically examined potential sex difference in the presence of NMS and identified patterns of NMS that could best differentiate patients with early PD from healthy controls.
METHODS Study participants. PPMI is an ongoing, inter-Clinical evaluations. Investigators at individual study sites conducted comprehensive clinical examination and used the Movement Disorder Society-sponsored revision of the Unified Parkinson's Disease Rating Scale, Part III-motor ratings and the Hoehn and Yahr scales to evaluate motor dysfunctions and disease severity. We further classified PD phenotypes into tremor dominant, postural instability and gait disturbance, or intermediate-PD according to a published method (appendix e-1 on the Neurology ® Web site at Neurology.org). 10 NMS assessments. The NMS assessments at enrollment included an extensive set of tests and structured questionnaires to examine 5 major areas of nonmotor functions, including sleep, olfactory, neurobehavioral, autonomic, and neuropsychological domains (appendix e-2). Sleep disturbance was evaluated using the Epworth Sleepiness Scale and REM Sleep Behavior Disorder Screening Questionnaire (RBDSQ). Olfaction was assessed by the University of Pennsylvania Smell Identification Test (UPSIT). Neurobehavioral assessments included the State-Trait Anxiety Inventory, Questionnaire for Impulsive-Compulsive Disorder in Parkinson's Disease, and the 15-item version of the Geriatric Depression Scale. Autonomic dysfunction was evaluated using the Scales for Outcomes in Parkinson's Disease-Autonomic (SCOPA-AUT). Cognition was evaluated with MoCA as a global cognitive screening test, and a battery of neuropsychological tests to assess 4 cognitive domains: memory, visuospatial, working memory-executive, and attention-processing speed. A detailed list of the neuropsychological tests and their corresponding cognitive domains is shown in appendix e-2. Since the occurrence of impulse control disorders in PD is most likely driven by the use of dopamine agonists, 11 and since recent findings from the PPMI cohort show that the prevalence of impulse control and related behavior is equally low both in patients with de novo, untreated PD and in controls, 12 we omitted data on the Questionnaire for Impulsive-Compulsive Disorder in Parkinson's Disease assessment from our current analysis.
Statistical analysis. We presented means and SDs as well as medians and interquartile ranges for continuous variables and proportions for categorical variables. To assess differences between groups, we performed the Mann-Whitney U test for continuous variables and x 2 test for categorical variables. For global cognition (MoCA) and all NMS with the exception of neuropsychological assessments, we presented original test scores and used them for group comparison. To allow a more direct comparison among various neuropsychological performances, we first transformed raw scores for neuropsychological variables to T scores according to published normative data. We further calculated a composite score for each cognitive domain by averaging T scores of relevant tests. We assessed sex differences in NMS among patients with PD and among healthy controls using a quantile regression model, 13 fitted using PROC QUANTREG in SAS, that included enrollment category (i.e., PD vs healthy controls), separate sex indicator variables for cases and for controls, and age and education as adjustment variables. We further tested potential interactions by reparameterizing the same model: replacing the separate sex indicator variables with a sex main effect and a sex-byenrollment category interaction. Finally, we examined potential associations between NMS and PD motor subtypes using multivariate logistic regression models, adjusting for age, sex, and education. All statistical analyses were conducted using SAS, version 9.1 (SAS Institute Inc., Cary, NC). Significance tests were 2-tailed, with a 5 0.05.
To determine which NMS can best differentiate patients with de novo PD from healthy controls, we conducted a stepwise logistic regression analysis with all NMS variables, age, sex, and education as the predictors. The analyses were first conducted with all samples and then separately by sex. All NMS variables were standardized to z scores to make the b coefficient and odds ratios directly comparable across symptoms. We forced age, sex, and education into all models when appropriate. At each step, NMS variables entered the regression analysis at p , 0.30 and were retained as long as they remained significant at p , 0.05. We determined the predictive accuracy of the final set of predictors in discriminating patients with PD from healthy controls using receiver operating characteristic (ROC) analyses. The area under the ROC curve (AUC) provides an estimated probability that ranges from 0 to 1; an AUC of 0.5 indicates a discriminating power that is no better than chance, whereas a value of 1 implies perfect discrimination. We validated this ROC analysis in 2 ways: first through leave-one-out cross-validation; second, through 1,000 rounds of 3-fold cross-validations where each round used two-thirds of the data for model building (training sample) and the other one-third for cross-validation (validation sample). The ROC 3-fold cross-validation analysis was performed using the R software package (version 3.0.3).
Standard protocol approvals, registrations, and patient consents. Each participating PPMI site obtained written informed consent from all participants, and received approval from an ethical standards committee on human experimentation.
RESULTS
We present sex-specific characteristics of patients with PD and controls in table 1. Overall, there are no sex differences in age, race, and education among either patients with PD or controls. For both male and female patients, the median disease duration at enrollment was about 4 months from diagnosis or about 18 to 20 months since symptom onset. Male and female patients were also comparable in most clinical presentations of motor signs except that male cases were more likely to have reported rigidity at diagnosis.
As expected, patients with PD scored significantly worse than controls in nearly all NMS measurements (p , 0.05 for all) except for daytime sleepiness and working memory-executive and visuospatial cognitive domains. We also examined whether the presence of specific NMS was related to the age at onset or time from symptom onset to diagnosis. Applying commonly used cutoffs for hyposmia (UPSIT ,34), RBD (RBDSQ $5), daytime sleepiness (Epworth Sleepiness Scale score $10), depression (Geriatric Depression Scale $5), and poor cognition (MoCA ,26), we did not observe any statistically significant differences for time from symptom onset to PD diagnosis between patients with and without these specific NMS. However, the median age at onset was older in patients with hyposmia (61.1 vs 54.3 years, p 5 0.0006) and poor cognition (64 vs 59.7, p 5 0.0009) compared with patients without (data not shown for other symptoms).
We observed several sex differences for NMS presentations in patients with PD as well as in controls (table 2) . Male patients performed significantly worse than female patients on odor identification. While female cases experienced significantly higher trait anxiety, they outperformed their male counterparts on global cognition (MoCA) and memory domain, but underperformed for visuospatial domain. Detailed scores of individual cognitive tests are provided in Table 1 Demographic and clinical characteristics of patients with PD and healthy controls, by sex e-1. Among the healthy control group, we observed similar sex differences in cognitive domains for memory, visuospatial, and attention-processing speed, but not in global cognition. We also found a significant sex difference on SCOPA-AUT among controls, but not for cases. We further examined potential interactions between sex and case-control status on the presentation of NMS and did not find any significant interaction. In our exploratory analysis of NMS in relation to PD clinical subtypes (table e-2), excessive daytime sleepiness and memory cognitive domain scores were associated with the tremor dominant phenotype. While both excessive daytime sleepiness and SCOPA-AUT scores were associated with the postural instability and gait disturbance subtype, SCOPA-AUT was the only nonmotor feature associated with the intermediate-PD phenotype.
The multiple stepwise logistic regression analysis that included both males and females identified 4 NMS measurements as significant predictors for PD: UPSIT, state anxiety, SCOPA-AUT, and MoCA (table 3) . The sex-specific stepwise analyses identified as significant predictors UPSIT, SCOPA-AUT, and MoCA scores for males, and UPSIT, RBDSQ, and MoCA scores for females. We assessed the predictive performance of each model in differentiating patients with PD from healthy controls by ROC curves ( figure 1, A-C) . The AUC estimates from the leaveone-out cross-validation analyses were 0.913 for all samples combined, 0.919 for males, and 0.903 for females. We obtained similar AUC estimates from the 1,000 rounds of 3-fold cross-validations using two-thirds of the total sample for model building and the remaining one-third for validation (figure e-1). DISCUSSION To our knowledge, this study is the largest to date to simultaneously evaluate multiple well-measured NMS among newly diagnosed, drug-naive patients with PD and healthy controls. As expected, patients with PD performed substantially worse than controls on nearly all NMS measurements. 14 Male and female patients with PD were fairly comparable on motor presentations but differed on several nonmotor features. Of interest, we also saw similar but often smaller sex differences in cognition among controls, suggesting these are likely intrinsic sex differences that may be further exacerbated by the onset of PD. Furthermore, our analyses support the notion that a few of these NMS, sense of smell in particular, could effectively differentiate newly diagnosed patients with PD from controls. If this could be extrapolated to prodromal PD as the Braak hypothesis postulates, 15 studies of these NMS may help characterize high-risk populations for PD.
PD disproportionately affects men, 16 with a male to female incidence ratio of approximately 1.5. 17 Furthermore, male patients tend to develop motor symptoms earlier and have faster progression 18 ; female patients, however, are more prone to developing dyskinesia. 18 In addition, potential sex differences have been reported for PD risk factors such as plasma urate, 19 caffeine intake, 20 and dairy consumption, 21 all of which showed stronger evidence for an association in men than in women. Finally, sex differences in health care-seeking behaviors have also been observed among patients with PD, showing that female patients have delayed access to a movement disorder specialist compared with male patients. 22 Several previous studies 8,23-28 also investigated potential sex differences in NMS, albeit mostly among treated patients with PD. While findings varied widely across these studies, several of them found higher prevalence or severity of fatigue, 23, 25, 26, 28 apathy, 24, 26 depression, [23] [24] [25] [26] anxiety, [23] [24] [25] [26] and pain 8, [23] [24] [25] 27 in female patients, whereas sexual dysfunction 8, [24] [25] [26] [27] [28] was more prevalent in male patients. Several potential limitations complicate interpretation of these results. Nearly all studies [23] [24] [25] [26] [27] [28] exclusively assessed treated patients with PD, whose NMS presentation might have been affected by treatment and disease progression. 5, 14, 29 Furthermore, many previous studies lacked a comparison group, [23] [24] [25] making it impossible to distinguish PD-specific sex differences from intrinsic sex differences not related to the disease. To our knowledge, only one previous study 8 examined potential sex differences in NMS prevalence among patients with de novo PD and controls. That study, however, used only the 30-item PD Non-Motor Symptoms Questionnaire to screen symptoms with single questions. They found that male patients with PD were more likely to report taste/smell and sexual difficulties.
Cognitive impairment is common in PD, and recent evidence suggests that it may occur even in the earliest stages of the disease 30 despite the fact that early severe dementia is often an exclusion criterion of PD diagnosis according to the Queen Square Brain Bank criteria. Our results, however, clearly documented poorer performance in multiple cognitive domains around PD diagnosis, particularly in men. Our findings are consistent with the few previous studies reporting statistically significant dysfunctions across a range of cognitive domains in untreated patients with newly diagnosed PD, particularly in the domains of visuospatial 31, 32 and memory. [31] [32] [33] [34] [35] The findings are also consonant with reports that as many as one-quarter to one-third of patients have mild cognitive impairment at or near the time of diagnosis. 36 Other cognitive dysfunctions reported in studies of untreated patients with early PD include deficits in random motor behavior, 37 psychomotor speed, 31,34 set-formation, 33 executive function, [31] [32] [33] [34] [35] 37 visuomotor construction, 33 working memory, 33, 37 attention, 31, 34 and language. 33 Furthermore, mild cognitive impairment within the first year of PD diagnosis predicts a highly increased risk of early dementia. 38 Taken together, these reports suggest that cognitive impairment may be an important NMS to measure in early PD and even in its prodromal stage.
Longitudinal follow-up of newly diagnosed patients with PD is necessary to understand the progression of NMS and to evaluate treatment strategies. The longitudinal data collection in the PPMI study is ongoing, and a preliminary analysis with 96 patients with PD and 83 controls showed that most NMS including depression, anxiety, fatigue, excessive daytime sleepiness, and impulse control disorders remained relatively stable over the first 2 years of the disease. 14 Although patients with PD experienced increases in symptoms of apathy and psychosis and a slight decline in global cognition over time, these changes were comparable to those in healthy controls. The initiation of dopamine replacement therapy, however, was associated with a decrease in fatigue and an increase in impulsive control disorders and excessive daytime sleepiness. 14 ROC curves with AUC of the nonmotor symptom assessments for overall samples combined (A) and for men (B) and women (C)
The 2 AUC estimates are from leave-one-out cross-validation and from the original ROC curve. AUC 5 area under the ROC curve; CI 5 confidence interval; ROC 5 receiver operating characteristic.
One important prospect of NMS research is its potential to characterize high-risk populations for PD. Because few of these symptoms are specific to PD, such research may require simultaneous measurements of multiple NMS in large prospective studies and lengthy follow-up. While such research efforts are currently under way, for example, in the Prospective Evaluation of Risk Factors for Idiopathic Parkinson's Syndrome Study 39 and the Parkinson At-Risk Syndrome Study, 40 careful examinations on NMS among patients with de novo PD may be a costeffective approach to search for specific NMS or combinations of NMS that can best differentiate patients with PD from controls. Our regression analysis showed that only a few NMS measures in combination could effectively differentiate patients with PD from controls. Of note, in both males and females, smell identification appeared to be the most important single measurement differentiating PD from controls. We know of only one previous study that examined the discriminating power of NMS in patients with de novo PD. In the DeNoPa Study, 7 the inclusion of SCOPA-AUT and olfaction tests along with the Non-Motor Symptoms Questionnaire, ECG, and serum cholesterol gave an AUC of 0.913. That study, however, did not examine the data separately for males and for females.
The current study builds on the strength of the PPMI cohort, a landmark international effort to systematically search for clinical, biochemical, and neuroimaging biomarkers for PD progression in drug-naive patients. The assessment of a wide range of NMS and their severity with well-validated instruments at the study baseline offers a unique opportunity to understand NMS among patients with early, untreated PD. Furthermore, by not dichotomizing these variables in our data analysis, we could use the full spectrum of the measurements and evaluate symptom severity. Finally, the study's recruitment of a large number of patients with PD and a wellcharacterized healthy control group provided a sufficient sample size for meaningful sex-specific analyses and between-group comparisons.
Our analysis also has several limitations. First, our analysis is cross-sectional, using the PPMI baseline data among de novo patients. However, as the cohort is currently being followed with annual reassessments of NMS, further investigation of sex differences using longitudinal data will be feasible in the near future. Second, the PPMI cohort comprises predominately white volunteers who were committed to multiple comprehensive clinical examinations, neuroimaging, and longitudinal follow-ups. Hence, results from this cohort may not be readily generalizable to late-onset sporadic PD or to individuals without PD in general. However, the clinical characteristics of PPMI patients are typical of general patients with PD, and the PPMI investigators' commitment to detailed clinical examinations will ensure high-quality data collection.
Our analysis confirmed the predominance of multiple NMS in patients with de novo, untreated PD and found notable sex differences in sense of smell, cognitive domains, and anxiety. Furthermore, a few NMS, such as sense of smell and overall cognition, could effectively differentiate de novo cases from healthy controls. Future studies should further systematically investigate NMS before disease diagnosis to prospectively examine their potential in characterizing high-risk populations and in measuring disease progression.
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